Introduction
The 11-β-hydroxysteroid dehydrogenase type I (11βHSD1) gene is expressed in white adipose tissue (WAT), liver, brain and other tissues. In rat adipocytes, 11βHSD1 catalyses the conversion of inactive 11-dehydrocorticosterone (cortisone in humans) to active corticosterone (cortisol in humans), leading to a localised increase in the concentration of biologically active glucocorticosteroids [1] . Glucocorticosteroids promote adipocyte differentiation and, in doing so, increase adipocyte size and adipose tissue mass [1] . Overexpression of the 11βHSD1 gene in mice is associated with enhanced adipocyte differentiation and higher adipose tissue mass [2] . Increased 11βHSD1 gene expression has also been found in the adipose tissue of obese Zucker rats [3] and in the adipose tissue of morbidly obese patients [4] [5] [6] [7] [8] . It has been postulated that increased activation of glucocorticosteroids in adipose tissue (due to increased 11βHSD1 activity) plays an important role in the development of central obesity and metabolic syndrome [1, [9] [10] [11] . Since circulating cortisol concentrations were not elevated in patients with visceral obesity [12, 13] , it appears that it is the local activation of glucocorticosteroids by 11βHSD1 (more precisely: the conversion of cortisone to cortisol in humans or 11-dehydrocorticosterone to corticosterone in rodents) that could be a major determinant of glucocorticosteroid action in WAT.
Peroxisome proliferator-activated receptor gamma (PPARg), a critical transcription factor for adipogenesis, has been shown to induce adipocyte differentiation [14] . PPARg expression in 3T3L1 preadipocytes can be induced by glucocorticosteroids [15] . Another transcription factor that induces adipogenesis in vitro is a sterol regulatory element binding protein 1 (SREBP-1), that probably acts by enhancing the activity of PPARg [16] . However, in vivo studies indicate that SREBP-1 is not required for the development of obesity [17] . Adipocyte differentiation is also stimulated by the overexpression of the gene encoding adiponectin, a hormone secreted by adipose tissue [18] . It is possible that coordinated up-regulation of the 11βHSD1 gene, as well as genes involved in adipocyte differentiation, contributes to obesity and related disorders.
Chronic food restriction is a method commonly used for the reduction of body weight. However, returning to habitual food consumption commonly causes a rapid rise in body weight (yo-yo dieting). Successful treatment of obesity and related diseases requires the understanding of the effect of chronic food restriction on the activities of the enzymes implicated in obesity development, including 11βHSD1 and lipogenic enzymes, and on expression of genes involved in adipocyte differentiation. Therefore, the aim of this study was to examine the effect of food restriction on: a) 11βHSD1 gene expression in rat white adipose tissue, b) expression of genes involved in adipocyte differentiation, and c) expression of genes encoding lipogenic enzymes in rat perirenal adipose tissue.
Experimental Procedures

Animals and treatment
Male Wistar rats, two months old at the beginning of the study, were housed in individual cages at 22°C with a 12-hour light/dark cycle starting at 7 am each day. Rats were fed by commercial diet, composition of which was reported recently [19] . Rats were divided into two groups (6 rats in each group): control (fed ad libitum) and foodrestricted. Control rats consumed approximately 26 g of food per day during the 30-day experiment, and foodrestricted rats received 50% of the food consumed by control rats. Starting body mass was 245±13 g in the control group and 245±10 g in the food-restricted group. After anesthesia (by intraperitoneal injection of ketamine and xylasine) rats were killed by decapitation, and WAT from all main depots (perirenal, epididymal and subcutaneous) was removed, immediately frozen in liquid nitrogen, and kept at -80°C. The study was approved by the Local Ethics Committee for Experimental Animals in Gdansk, Poland.
Determination of mRNA level
Total cellular RNA was extracted from frozen WAT by the isothiocyanate -phenol/chloroform method [20] . cDNA was synthesized from 1 μg of total RNA using RevertAidTM First Strand cDNA Synthesis KitFermentas, Canada). Each RNA sample was treated with RNase-free DNase I (Fermentas) before cDNA synthesis.
11βHSD1, SREBP-1c, PPARg, adiponectin and lipogenic enzymes (fatty acid synthase -FAS, malic enzyme -ME and ATP-citrate lyase -ACL) mRNA levels in perirenal WAT were analysed by real-time PCR in iCycler iQ Real Time Detection System (Bio-Rad). The reaction was performed using iQ SYBR Green Supermix (Bio-Rad). A combination of β-actin and cyclophilin-A genes were used as standards. The relative mRNA levels of studied genes were calculated by the method presented by Piehler et al. [21] . 5'GGGGTGTTGAAGGTCTCAAA for β-actin and F: 5'CTGAGCACTGGGGAGAAAGGA, R: 5'GAAGTCACCACCCTGGCACA for cyclophilin-A. Amplification of specific transcripts was confirmed by obtaining the melting curve profiles and agarose gel electrophoresis of amplification products.
11ßHSD1 activity assay
11βHSD1 activity was measured by the method described by Andersson et al. [22] . Adipose tissue was homogenized in ice-cold buffer containing: 50 mmol/l Tris (pH 7.4), 10% glycerol, 0.3 mol/L NaCl, 1 mmol/l EDTA, and 0.1 mmol/l dithiothreitol. The homogenate was centrifuged (30000 x g in 4°C), and the supernatant was used for the enzyme assay. In tissue extract with excess cofactor the reaction catalysed by 11βHSD1 occurs in the dehydrogenase direction [23] . The reaction was performed in 37°C, for 60 min, in 0.5 ml of medium containing (final concentration): tissue extract (equal to 0.25mg protein), 50 nmol/l [1,2,6,7- 3 H] corticosterone (Perkin Elmer, USA) and 10 mmol/l of NADP. Tissue extract, denatured by boiling (for 5 min) was used to prepare a blank sample. After the reaction, the radiolabeled glucocorticosteroids (both corticosterone and dehydrocorticosterone) were extracted with two volumes of ethyl acetate. The organic phase was evaporated, dried under nitrogen, and resuspended in 20 μl of methanol. The corticosterone and dehydrocorticosterone were separated by thin layer chromatography on precoated SIL G-25 UV254TLC plates (Macherey-Nagel, Germany). The mobile phase was chloroform and methanol (9:1). Corticosterone and dehydrocorticosterone bands were marked under UV light, scraped off and rinsed by methanol. Radiolabeled glucocorticosteroids were detected in a Beckman LS 6000 IC scintillation counter. 11βHSD1 activity was calculated by multiplying % of corticosterone to dehydrocorticosterone conversion by the amount of corticosterone added to reaction, and divided by protein concentration (mg/ml) and incubation time (min).
Lipogenic enzyme activity assay
The activity of the lipogenic enzymes (FAS, ME and ACL) was measured by the spectrophotometric method described previously [24, 25] .
Determination of serum corticosterone concentration
Serum corticosterone concentration was measured by radioimmunoassay kit according to manufacturer's instruction (MP Biomedical, USA).
Determination of serum adiponectin, leptin and insulin concentration
Serum adiponectin, leptin and insulin concentration were measured by radioimmunoassay kits according to manufacturer's instruction (Linco Research, USA).
Statistical analysis
Statistical analysis was performed using Microsoft Excel and Statistica. The statistical significance of the differences between parameters studied in both groups were assessed by Student's t test. Linear regression coefficient was calculated to assess correlation between selected parameters in both groups.
Results
After 30 days of treatment the body weight and perirenal WAT mass of the food-restricted rats were significantly lower than in control animals ( Table 1) . Total WAT mass (the sum of perirenal, epididymal and subcutaneous adipose tissue) was also significantly lower in rats kept on restricted diet ( Table 1) . Serum corticosterone concentration after 30 days of chronic food restriction was higher than in control rats ( Table 1) . Similarly serum adiponectin concentration was higher in rats maintained on restricted diet ( Table 1) . In contrast, lower concentrations of serum leptin and insulin were observed ( Table 1) . Data presented in Figure 1 indicate that chronic food restriction caused a significant increase of 11βHSD1 mRNA level in perirenal WAT as compared with control rats ( Figure 1A ). This was accompanied by increased 11βHSD1 activity ( Figure 1B) . The mRNA levels for selected lipogenic enzymes (FAS, ME and ACL) in perirenal WAT were also significantly greater in rats maintained on restricted diet compared with control ( Figure 2 ). This confirmed results reported previously [26, 27] . The changes in lipogenic enzyme activity (FAS, ME and ACL) in perirenal WAT after a restricted diet were generally similar to changes in mRNA levels ( Table 2) . After prolonged food restriction elevated PPARg and SREBP-1 mRNA levels were also observed ( Figure 3 ). Adiponectin mRNA level was significantly greater in perirenal WAT of rats challenged with a restricted diet compared with the control (Figure 4) . Moreover, this was associated with significantly increased serum adiponectin concentration ( Table 1) . These data confirm the results reported recently [28] . The results presented in Table 3 11βHSD1 mRNA level and body mass as well between 11βHSD1 mRNA level and perirenal WAT mass was observed ( Table 3) .
Discussion
11βHSD1 activity appears to play an important role in the pathogenesis of obesity and metabolic syndrome. This study shows for the first time that chronic food restriction, practiced by obese persons trying to lose body weight, causes the increase of 11βHSD1 gene expression in perirenal WAT of rats. Thus, food restriction can be added to many factors like cytokines, hormones, kinase activators and transcription factors agonists, which are known to regulate 11βHSD1 gene expression [11] . In theory, up-regulation of 11βHSD1 gene expression in WAT in the course of chronic food restriction should lead to an increase in the concentration of intracellular corticosterone (biologically active glucocorticoid in rats). Consequently, as suggested by Tomlinson et al. [1] , adipocyte differentiation should then be promoted and adipocytes should increase in size. The results presented here indicate that food restriction caused a significant decrease of adipose tissue mass but was associated with an increase in 11βHSD1 gene expression in perirenal WAT. Chronic food restriction was associated with increased lipogenic enzymes gene expressions in the WAT of rats. Overall, the increase in adipocyte differentiation and lipogenic potential of adipose tissue could be important factors contributing to an increase of adipose tissue mass and body weight after giving up the restricted diet. In contrast to the results presented here, Arai et al. [29] showed no effect of food restriction on 11βHSD1 gene expression in rat omental WAT. One possible explanation for this discrepancy could be that a different experimental model was used by Arai and co-workers, where rats were given 20% less food than the controls (compared to 50% reduction in our experiments), and the time of restriction was only 14 days (compared to 30 days in our study). Transcriptional regulation of the 11βHSD1 gene is very complex and highly tissue-specific [1] . The precise molecular mechanism by which chronic food restriction increases 11βHSD1 gene expression in rat adipose tissue is unknown. It has been shown that factors which increase the level of cAMP in adipocytes also cause the increase of 11βHSD1 gene expression [30] . Moreover it has been revealed that CCAAT/enhancer-binding protein beta (C/EBPβ), which plays a critical role in the differentiation of adipocytes in vitro [17] , is a key factor involved in the cAMP induction of 11βHSD1 gene expression in adipose tissue [30] . It has been shown that food restriction causes an increase in adenylate cyclase activity in adipose tissue [31] . This may lead to the increase in intracellular cAMP concentration. Taken together, it is reasonable to suppose that cAMP directly stimulates the production of C/EBPβ and/or its translocation to the nucleus. Moreover, food restriction increases the level of C/EBPβ in the liver of rats [32] . It is therefore likely that food restriction also causes the increase of C/EBPβ level in WAT. If this is the case, the C/EBPβ binding to the promoter of the 11βHSD1 gene, increases 11βHSD1 gene expression. Glucocorticosteroids cause the increase of PPARg expression in 3T3L1 preadipocytes [15] . Thus, we considered the possibility that the induction of PPARg after food restriction ( Figure 3 ) is a consequence of glucocorticosteroid activation by elevated activity of 11βHSD1 in adipose tissue. Serrano et al. [33] showed that corticosterone administration to adrenalectomized rats induces gene expression of lipogenic enzymes, including FAS and ACL, in periovaric WAT. It has also been shown that dexamethasone induces ME activity in differentiated 3T3-L1 cells [34] . Thus, it cannot be 316 A B excluded that local activation of glucocorticosteroids, catalyzed by 11βHSD1, plays an important role not only in adipocyte differentiation, but also in the upregulation of lipogenesis in WAT. This is partly confirmed by the data presented in Table 3 , which shows that 11βHSD1 gene expression displays positive correlation with mRNA levels of lipogenic enzymes as well as with PPARg. The results presented here ( Table 1 ) and in our previous paper [35] , indicate an increase in serum corticosterone concentration in rats maintained on a restricted diet. Based on the data reported by Masuzaki et al. [2] , we considered the possibility that adipose tissue of rats challenged with restricted diet could release sufficient corticosterone into circulation to cause an increase in serum corticosterone level. It cannot be excluded that elevated serum corticosterone concentration affects lipogenic enzymes and PPARg genes expression.
Nevertheless, up-regulation of gene expression for lipogenic enzymes and induction of genes involved in adipocyte differentiation in rats maintained on restricted diet, due to a local and/or systemic increase in corticosterone, lead to the readiness of adipose tissue to synthesize and store triacylglycerols in adipose tissue when the substrates will be supplied after food consumption. It is likely that these events play a role in the rapid increase in body weight after giving up a restriction diet in humans -a phenomenon named yoyo dieting or weight cycling [36] . To our best knowledge, there is no data regarding the influence of food restriction on 11βHSD1 gene expression in human adipose tissue. Recently, no association was found between low birth weight and 11βHSD1 gene expression in human [37] . These authors suggest that subjects with low birth weight (and low fat mass) display already-activated 11βHSD1. Moreover, in sheep with intrauterine growth retardation, a persistent increase in adipose tissue 11βHSD1 gene expression was reported [38] . These data are consistent with results presented here. Rats with lower body mass and adipose tissue display greater 11βHSD1 gene expression in adipose tissue. Given the findings from the current study and the previously reported positive correlation between 11βHSD1 gene expression and body mass [3] , one can suppose that 11βHSD1 gene expression is not tightly associated with body weight.
The positive correlation between 11βHSD1 mRNA and SREBP-1 mRNA levels and between 11βHSD1 mRNA and adiponectin mRNA levels ( Table 3 ) is puzzling. In literature there is no data indicating that an increase in the expression of SREBP-1 and adiponectin genes is directly associated with an increase in intracellular glucocorticosteroid concentration.
In conclusion, our results show coordinated upregulation of gene expression for 11βHSD1, PPARg, SREBP-1, adiponectin and lipogenic enzymes by chronic food restriction. The coordinated up-regulation of 11βHSD1 and PPARg by food restriction provides correlative evidence for the hypothesis that the induction of 11βHSD1 gene expression and consequently activation of glucocorticosteroids in turn up-regulates PPARγ gene expression and stimulates the proliferation of adipocytes. These molecular events could increase the potential of adipose tissue to synthesize and accumulate triacylglycerols after giving up a restricted diet. These data indicate a novel mechanism for yo-yo dieting.
